Abstract The present study was aimed to investigate the effect of 28-homobrassinolide on leukotriene synthesis in the 2H3 cells. Cell viability was determined by using sulforhodamine B (SRB) assay. Leukotriene C 4 (LTC4) and Leukotriene B4 (LTB4) were determined in the cell and cell lysates. Intracellular Ca 2? was determined in the intact cells. Phospholipases A2 (PLA2) expression was determined in the cells using immunofluorescence. LTC4 and LTB4 were tremendously increased in IgE-loaded 2H3 cells. However, these levels were significantly reduced following treatment with 28-homobrassinolide. The intracellular Ca 2? level was not altered by treatment. Expression of PLA2 was significantly reduced following treatment with 28-homobrassinolide. Taking all these data together, it is suggested that the 28-homobrassinolide may be a potential therapeutic agent to inhibit leukotriene synthesis in 2H3 cells.
Introduction
Phytohormones are regarded as chemicals that control plant growth and regulation. A few phytohormones are released from the plants. Glands are absent in plant. However, each cell is can able to produce several hormones (Vob et al. 2014) . Phytohormones regulate cellular processes in target cells and determine the flower formation, stem formation, leave formation, fruit ripening and development. Plant hormones shape the plant, time of flowering, affecting seed growth, senescence of leaves, the sex of flowers and fruits (Kazan 2015; Li et al. 2010) . They affect the direction of tissue growth, leaf formation and stem growth, fruit development and ripening, plant longevity and plant death Srikumar 2009, 2010; . Phytohormones are critical to growth and development of the plant, and in their absence, plants would be undifferentiated cells (Kumar et al. 2014) .
Phytohormones affect gene expression and transcription levels, which are essential for cell division and growth. Phytohormones are naturally produced in the plants, whereas similar chemicals are produced by fungi and bacteria that affect plant growth and development (Srivastava 2002) . A number of similar compounds have been synthesized chemically for the growth and development of plants.
Leukotriene B 4 (LTB4), Leukotriene D 4 (LTD4), and Leukotriene C 4 (LTC 4 ) are well-known arachidonate's metabolites. These metabolites are produced during an allergic reaction from mast cells (Koshihara et al. 1984) . Inflammatory stimulations and eosinophils are major factors for the release of these metabolites (Sharma and Mohammed 2006) . Bronchial asthma is one of the chronic inflammatory diseases with symptoms of wheezing and coughing. Bronchial asthma disease progress and development is regulated by these leukotrienes (Ukena et al. 2008) . Marom et al. (1982) have reported that the promotion of airway vasculature permeability, stimulation mucus secretion, and bronchial smooth muscle constriction are regulated by LTD4 and LTC4. Borgeat and Samuelsson (1980) have reported that the allergic inflammation and the late allergic response are regulated by LTB4. Therefore, the present study was aimed to investigate the effect of 28-homobrassinolide on leukotriene level in 2H3 cells.
Materials and methods
Antibiotics (penicillin-streptomycin), fetal bovine serum (FBS), and Dulbecco's modified Eagle's medium (DMEM) were obtained from Santa Crutz Biotech (Shangai, China). 28-homobrassinolide ([ 99%), LTC4, LTA4, LTB4, arachidonic acid, mouse monoclonal Phospholipase A2 (PLA2) and donkey anti-rabbit IgG H&L (FITC) were obtained Sigma-Aldrich (St. Louis, MO, USA). Paraformaldehyde, Triton X-100 and bovine serum albumin (BSA) were purchased from Thermo Fisher Scientific (Yeongdong-daero, Gangnam-gu, Seoul, Korea).
Cell culture 2H3 cells were obtained from the American Type Culture Collection (ATCC) (Manassas, VA, USA). Cells were grown under standard conditions (37°C and 5% CO 2 ) with standard growth medium (10% FBS and 1% penicillin-streptomycin).
SRB assay for cell viability 2H3 cells were cultured at a density of 2.5 9 10 4 cells/ well in 96-well plates and allowed to adhere for 24 h at 37°C. The cells were treated with different concentration of 28-homobrassinolide (20, 30, 40, 50, 60, 70 and 80 lg/mL) for 24 h. At the end of treatment, the cell viability was determined (Muthuraman et al. 2016 ).
Determination of LTC4 and LTB4 levels in cells LTC4 and LTB4 synthesis was determined in 2H3 cells within 30 min of stimulation. Stimulation was performed by loading IgE into the 2H3 cells for 30 min with 0.1 ll of anti-rat IgE sheep serum. Cells were cultured at a density of 10 4 cells/well in a standard cell culture dish. Cells were incubated with IgE at 37°C for 5 h. After incubation, cells were washed with PBS and treated with 28-homobrassinolide (20, 40 and 80 lg/mL) for 15 min at 37°C (Matsumoto et al. 1995) .
Determination of LTC4 and LTB4 level in cell lysate
LTC4 and LTB4 levels were determined using radioimmunoassay (RIA) techniques according to a standard method (Matsumoto et al. 1995; Hamasaki et al. 1994) . Stimulation was performed by loading IgE into the 2H3 cells for 30 min with 0.1 ll of anti-rat IgE sheep serum. Gamma-globulin, 0.9% NaC1, anti-LTB4 anti-serum and [3H]LTB4 (Santa Cruz Biotechnology (Shanghai) Co., Ltd. Shanghai, China) were incubated with 100 lL of sample. Gamma globulin-coated charcoal (0.4 mL) was added to the reaction volume and frees [3H]LTB4 was removed from the tubes. A liquid scintillation counter was used to measure the radioactivity in the reaction mixture. A standard curve was used to determine LTB4 content. LTC4 was determined in the reaction mixture with a similar procedure.
Determination of intracellular Ca 2? level
The potential of 28-homobrassinolide on the intracellular Ca 2? level was determined. Stimulation was performed by loading IgE into the 2H3 cells for 30 min with 0.1 ll of anti-rat IgE sheep serum. Cells were grown at 10 4 /mL and washed with PBS. Cells were incubated with immunoglobulin E (IgE) 37°C for 1 h and treated with fura-2 AM (Santa Cruz Biotechnology (Shanghai) Co., Ltd. Shanghai, China) for 25 min at room temperature. Then, cells were treated with different concentrations of 28-homobrassinolide. Fluorescence was measured at spectrofluorophotometer (Hojo et al. 1994 ).
Immunofluorescence Cells were cultured in a confocal dish at a density of 2.5 9 10 4 cells/well, and treated with 40 and 80 lg/ mL of 28-homobrassinolide for 24 h. Cells were fixed with 3% paraformaldehyde and permeabilized in 0.1% Triton X-100. Then, cells were blocked with 3% BSA and incubated with mouse monoclonal Phospholipase A2 (PLA2) antibody for overnight. Then, cells were incubated with a donkey anti-rabbit IgG H&L (FITC) conjugated antibody for 1 h. Coverslips were mounted with a fluorescent mounting medium and viewed under Confocal Laser Scanning Microscope (CLSM) (1X81 R Motorized Inverted Microscope, Olympus, Tokyo, Japan) (Muthuraman et al. 2014; Nagajyothi et al. 2016 ).
Statistical analysis
All experimental data are presented as mean ± standard error of the mean (SEM). Experimental values are analyzed by using ANOVA test. A P \ 0.05 was taken statistically significant.
Results

Effect of 28-homobrassinolide on cell viability
The cytotoxic effect of 28-homobrassinolide on 2H3 cells was determined. The effect of 28-homobrassinolide was observed in a dose-independent response manner (Fig. 1a) . Cell growth inhibition did not appear to be significant following the treatment of 28-homobrassinolide (Fig. 1b) Effect of 28-homobrassinolide on the LTC4 and LTB4 levels LTC4 and LTB4 were increased 3.6 and 21 ng/mg respectively, in the cell lysate following stimulation. LTC4 level was found 3.6 ng/mg of protein in the control group. Cells treated with 28-homobrassinolide significantly reduced the LTC4 level. LTC4 levels were reduced to 2.4 and 1.5 ng/mg of protein at 40 and 80 lg/mL of homobrassinolide treatment, respectively ( Fig. 4 , P \ 0.05). LTB4 level was found 21 ng/mg of protein in the control group. Cells treated with 28-homobrassinolide significantly reduced the LTB4 level. LTB4 levels were reduced to 16, 13 and 9 ng/mg of protein at 20, 40 and 80 lg/mL of homobrassinolide treatment, respectively (Fig. 4 Effect of 28-homobrassinolide on PLA2 expression PLA2 expression was monitored in the cells following 28-homobrassinolide treatment for 24 h. PLA2 expression corresponded to the appearance of immunofluorescence in the cytoplasm. PLA2 expression was increased in the control cells. However, the cells treated with 28-homobrassinolide significantly reduced PLA2 expressions (Fig. 6) . 
Discussion
Natural products has been used as a dietary supplementation and for medicinal purposes (Phua et al. 2009 ). Alternate medicine system has come into existence by utilizing medicinal properties of plants and their products. These are the Ayurveda, Siddha, Unani, Homeopathy and Chinese systems of medicine (Muthuraman and Srikumar 2009 ). The approaches have employed either extremely concentrated preparations of plant extracts or have utilized specific plant parts in the development of medicinal concoctions or pure isolates of plant material as drug constituent. Nonetheless, understanding the specific functionality or pharmacological effect of many of the identified and available natural products remains meager to this day (Muthuraman and Srikumar 2009) . Flavones, flavonoids, phenolics, terpenoids, isoflavones, plant steroids, indole acetic acid, isoprenoids, ethylene, jasmonic acids, ellagic acid and polyamines are well known natural products. The phytohormones constitute a group of compounds for plant growth, development, flowering, fruiting, pathogen resistance, and senescence (Muthuraman and Srikumar 2009; Wasfi et al. 1992) . The abundance of active endocrine substances has been reported in food as natural compounds (Hughes et al. 1991) .
LTC4 and LTB4 synthesis were reduced in our study and indicated that 28-homobrassinolide may be a potential therapeutic agent for bronchial asthma. Leukotriene level was reduced in 2H3 cells following incubation with 28-homobrassinolide. LTB4 and LTC4 levels were altered through the alteration of biochemical and molecular events with interaction with IgE receptors. Signals from IgE receptors initiate a series of biochemical events to the generation of LTC4 and LTB4 (Nakashima et al. 1991) . Stimulation of IgE receptors activates the production of inositol 1, 4, 5-triphosphate and diacylglycerol following the initiation of inositol turnover. Intracellular Ca 2? was Fig. 3 Effect of 28-homobrassinolide on the LTB4 level in the cells.
Results are expressed as mean ± SEM, N = 6, *P \ 0.05 and **P \ 0.01 Fig. 4 Effect of 28-homobrassinolide on LTC4 and LTB4 level in the cell lysate. Results are expressed as mean ± SEM, N = 6, *P \ 0.05, **P \ 0.01 and ***P \ 0.001 released into the cytosol region after receiving signals from 1, 4, 5-triphosphate. Arachidonic acid (AA) release is consistently regulated by the enzyme phospholipases A2 (PLA2) in the cytosolic region (Channon and Lesile 1990) .
LTC 4 synthase converts LTA4 into LTC4, and LTA4 hydrolase converts LTA4 into LTB4. PLA2 activity was significantly reduced by 28-homobrassinolide, and arachidonate 5-lipoxygenase (5-LO) is a well-known cofactor and plays a vital role in signal transduction. PLA2 releases arachidonic acid, and arachidonic acid is oxidized into LTA4 through the activation of 5-LO (Denis et al. 1991) . LTC4 synthase and 5-lipoxygenase activating protein (FLAP) are located in perinuclear space. Furthermore, Ca 2? , 5-LO, and PLA2 were also translocated into perinuclear space (Schienvella et al. 1995; Penrose et al. 1995) . The synthesis of LTB4 and LTC4 were reduced following treatment of 28-homobrassinolide. However, the biochemical and molecular mechanism of 28-homobrassinolide on leukotriene synthesis is not clear.
LTA 4 hydrolase and LTC4 synthase were not altered following 28-homobrassinolide treatment, whereas 5-LO level was significantly reduced. Biochemical and therapeutic potential of 28-homobrassinolide on PLA2 and 5-LO is not clear. Ca 2? is an essential co-factor for the activation of 5-LO and PLA (Rouzer et al. 1990) . It is assumed that IgE-receptor based cell activation is initiated via inhibition of intracellular Ca 2? following the treatment of 28-homobrassinolide. Cytosolic enzyme translocation into membrane was reduced through the inhibitory effect of 5-LO inhibitors (Koshihara et al. 1984) . Oxidation of AA at the C-5 position has been inhibited by 5-LO inhibitors (Hamasaki and Tai 1985) . Lipoxygenase has been inhibited by the glycyrrhetinic acid of Glycyrrhizin radix (Inoue et al. 1988) . Honokiol of magnoliae cortex inhibits 5-LO, whereas no effect on LTA4 hydrolase, LTC4 synthase, and PLA2 (Hamasaki et al. 1996) .
Conclusion
In summary, it is suggested that the 28-homobrassinolide could be a potential therapeutic agent for relaxing airway smooth muscle, and it may be considered as a potential therapeutic agent for asthma and bronchial constriction.
